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Modification of a Perkin-Elmer iInfrared Spectromster into

a double beam system for messurement of transmission in water ?
clouds is describede A cloud chamber for laboratory testing i

of the spectrometer is also describded.
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INSTALLATION AND CALIBRATION OF THE INFRARED SPECTECHETGR
g

Ralph G, Eld¥idge

i ot o TR L.
I, (Ggheral Description of Apparatus

The Infrared lMonochrometor is a standara comporent of the In=
frared Spectrometer, Model i2-C, manufactured by the Perkin-Elmer
Company of Norwalk, Connecticute The thermocouple, preamplifier, Model
81 AuCo amplifier, globar, and power supply are also stan'd'ard Perkine-
‘«Elmer equipment':. However, bescause s, fwo-beam technique has béaﬁ p.dopte,&.
addition of two mirror boxes end modifications to the chopper assembiy
have beén necessarye -~ = - - . - R I

The choppéer has been removed from its ocase and ths motor,

, shutter, €nd breaker assembly have been mownted in such e position that
the two beams will pass the chopper assembly wnobstriusteds A new

shutter has been made with a larger dismeter, permitting both beams t¢

bé ohopped alternately. See Figure 3. The duty cyole of the original
shutter is a little leus than 180° of rotstions ' In the present two=
besan system, ¢ach beam uses a little less then 180° of shaft rotation

in eash cyole %o pass its light signal to the thermocouple detector.

The two corresponding amplified signals in each sycle must be separated
after detection for independent recordings To accomplizh this, a come~
mutator is added to the rear qf the breaker shaft of the chopper assemblys

The optical addﬁions to the equipment consist of (two mirror .
boxes, one mounted between the glober and the chopper assembly and the
other in front of the monochromator. The two mirror systems are alike

in constructions See Figure 4 « They consist of two plene first

8 S
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surface mirrors and two curved first surface mirrors each, In the

‘ mirror box nearest the source, both plane mirrors- view the globar and
reflect its imege to the curved mirrorse By this means two parallel
beams of nearly equal intensity are obtainsd. The second mirror box

receives the two Leams on its curved mirrors, oringing them to a focus

e 1 1 R

at the entrance slit of +the monochromatore

All these compcnents are mownted on a bridge made of léuhy -
4 inch steel "U" beams welded into a rigid frame. See Figures l-and 2. (n

each end of the bridge about 3 feet apart are two tables of 1/@ inch

R T e U T,

steel plata. The globar, chopper assembly aad one mirror are mounted

R pu—
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J ¢n one table with the power supply underneathe The wattmeter, mounted

to the right of the power supply is conneoted:in the globar power line
to egsist in maintaining constant light intensity. The second mirror
box and the monochromster are mounted on the other table with the

emplifier belowe The two 1/@ inch stsel table tops lie in the same

planee The bases of all components mounted on these tables are do

designed that precise elignment of the light beams cen be made readilye

II, Alignment of the Optical System

The standard optical alighment proocedure of & single beam

) system is given on the Instructional Manual for the Model 12=-C Infrared
Spectrometer issued by Perkin-Elmer, Thet procedure had to be varied
becaﬁse the use of the two beams made the alignment much more critiocale
Only variations of the procedure recommended by Perkin-Elmer will be

* discussed heres
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. Manzda lemp is substituted for the globare Turning the shutter by hand

cam No. 1 is phased so that just as one beam is intersected by the

13

ghutter, cem No; 1 closes contast, A thrss terminal 48 volt battery is
used in & continuity test unit, with a switch and Amphenol plugs to fit

the proper plugs in the chopper chesis so thet different voltages are

e e o e G

applied to each came See Figure 5. With this test unit plugged in and

the chopper running, cam No. 2 can be made 180° out of phase with cem

Nos 2, by observing the resulting oscilloscope patterns. Following the

o irmdo o

phasing of cam No¢ 2 with cam No. 1, the former is switched ocut of the

A circuit and cem Noe 3 is switched ins By the same procedure as before,

=

cam No, 3 can bo made 180° out of phase with cam Noe le The final ad-

Justmentz are made according to the Perkin<Blmer Instruction Manuei.
Assuning that all the components have been mowmtecd on the
upper deck of the bridge at approximetely the same height, the next step
in the optical aligmment is to set the globar equidistant from the
ocenters of the two plane mirrors in the first mirror boxe. See Figure
6 « The angle of the plane mirrors is then adjusted so that the images

are transmitted to the centers of the curved mirrorss. These mirrors in

turn are adjusted sc that the two imagas of the globar » hroush the
exit ports of the box in parallel beams, ornss the cloud test region,
and enter the sscond mirror boxs The critical sdjustments in the first

mirror bo:: are those which will make the two beams parallel.
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‘ The beems e¢ntering the second box first strike the curved i[-
' mirrors, are reflected to plsne mirrors, and are finally direoted out of g
the box into the single entrsnce siit oi the monochromatore Ine curved F
mirrors must be rcteted vntil beth beams strike the inside edges of é
their respective plane mirrors. The }atter mey then be rotated to foous i
the beams on to the moncchromater slite The monochromator must be ﬁ
oriented and spaced with respsct to the second mirror box (and the main ? |
axis of the bridge) so that the entrance slit is at the focal point of ’
both curved mirrors. As they enter the slit, the bcams are at an engle k
"of ebout 8 dogreoss 9
oo The critical adjustments of the optical system are those
necessary to satisfy the following rsguirements: (
. ) 14 The focal point of the mirrors in the sscond box must be (
at the entrance siit. (
2. The spacing of mirror box and slit must be such that the (
diverging beams beyond the entrance slit will fall inside E
+he mask of the monochromator elliptical mirrors ‘
3. The center of the elliptical mirror, the entrence slit,
and the inside edges of the second box plans mirrors,
which butt together, must have a common center lins. bl
- 4, The two beams must pass throu:1 the entrance slit at equal |
angles to its axis,
) Whenever one of the above parameters is changed, the others
must be checkeds To determine the focel point of the curved mirror on

4he slit, the smallest circle of confusion is found-at the slit. To

fc— =%, -~
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relative to the siit, the box is moved back and forth, focusing the
bsams on the slit for each position, until a position is found where
ical mirvor aud &ifn on the
Littrow mirror in the monochromator. To satisfy (3), a string is
stretched tightly between the slit end the crack bstween the plane
mirrors; then sighting down the string frem the center of the ellip=
tical mirror, the mirror box and monochramator are moved so that they
lie in the required line.

The fourth requirement must be met in order that both beanms
will be focused on the single vacuun thermocouple after pasgsing through
the optical system of the monochromators Both entrance and exit slits
are at focal points of the elliptical mirruses If the two beams do rot
pass the entrance slit at the same small angle, they will not both pass
through the exit slite This condition can be noted only by use of the
thermocouple and emplifying system, since the exit light is infrared

onlys An approximate initial adjustment can be made by suitable changes

in the normael position of the Littrow mirror to temporarily obtain

visible light at the exit slite The necessary adjustments are consider-

ably more delicate than indicated in the malk

PO YR |
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which is concernsd only with operation of c singls beam syétem. The
}

aligning procedure iz as follows:
1. The whole system is placsd in cperation. The oukput of

the thermocouple amplifier is observed on an oscilloscope.

u Mont's Model 304-H has been foumd satisfactory:
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beem and plotted in arbitrary units against slit widths.
If the angles of both beams tc the slit axes are equal,

the plotted curves will coincides If both sides of the

$

adjustable s1its converge on the slit axes at the some
rate, the intensity lines wiil be straight and will pass
through the origin of the graphe
3. Numerous readjustments of the many variables must be made
to even approximate the ideal form of the intensity/%lib
width curve.
It is relatively sasy 16 mnle initisl adjustmsnts so that the
diverging beams will be transmitted through the prism without cut~offe
Hovaver: on reflection from the Littrow mirror back to the prism, one
of the beams will pess outsids the prism if the other is made to fall
within the mask of the elliptical mirror. This difficulty is avoided
in part by enlarging the mask aperture to the limit on one or both
éides. On readjusting the elements, it is then found that a small
portion of each beam must be cut out on the second transit of the prism
in order that each beam arrive at the thermououple with equal intensivys
At present an intensity balance hin been obtained which is
within the tolerances set by other parts of the systems Thé optical

bridge has been mounted beneath the cloud test chamber and refinements

~

of edjustment are in progresss
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One trial messursment of water droplet absorption uas heen made,

b

P it

using a single light beam. The water spray wes turned on snd off and
corresponding infrared beam intensities were measured in succession as

rapidly as possivace - ooua. of ths data shows that the

el et ey

apparatus indicates expected changes in light intensity with wave lengthe

The sprey nozzles now installed produce a fog of variable

drop-size distribution obvious to the observer without instrumentse

Plans are now being made to stabilize the spray, also to calibrate it

by sooted slide or other classical methodse Modifications have been

made to a Brown thermocouple potertiomster-recorder te give a comtinuous

oo
—

and convenient record of beam intensities as observed by the mono=

caromator and emplifierse

I1I., Cloud Test Chamber

The cloud test chamber was built so that an artificial cloud
could be made for the testing and cel ibration of drop size and distrie
bution instrumentse The cloud is made by means of a single pnaumatioc
atomizing nozzle, type 1/@ JN with pressure waterfeed, manufactured by
the Spraying Systems Company of Bellwood, Illinois.

The chamber is a horizontally moumted cylindrical tank, two
fest in diameter and five feet in lengthe It is made of 16 gauge
galvarzized irone The intake end has & removable cover, on which is
mownted the spray noszls and six air jets for mixings. The outlet emd
is reduced to an exhaust section one foot in diameter and two feet in

length. Insgide the exhaust section is mounted an electric fan, for




R R

W T TR ;?v‘é

3
)
J
1
!
H
;
i
4
1

[X:] | Saestizib2 g A r
L

7
B

e IR TR

[

-8~

el

olearing the chamher of fo

ings and accesscries are

shomn in Figure 7. On the bhottom of the chambsr Lhore are tnree verti-
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cal outlet pipes arranged iengthwise and spaced twelve inches apart. To
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any one of these can be attached the electrostatic drop-size apperatus
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AT
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developed by Ire Re M, Schotland of this projecte There are two hori-

zontal connections on each side cf the chembers One pair connects to
a plpe passing through the chamber, the other to the interior of the

chambere These connestions ars for use with the infrared spectrometer

TSI . AL, WA

— —
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drop distribution msasuring equipment under development by Dr. J.Cs

Johnsone Two additional similer peirs of connsctions are arranged at

4.7 45° from the horizontal for use with the visible light scattering

2 motere The cloud chamber is supported by a frame of two by four

inch:wooden membars which support the tank about five feet above the
floors Beneath the tank is mountsd the electrostatic apparatus end its
componentss The visibility meter and its zomponents are mounted on the

cloud chember fremee The inrared moncohromator bridge is just uadse

o Bt AR A S e e R

and on both sides of the cloud chambers The arrangement of this-equip=-

ment is iliustrated in Figures 1 and 2.

The test chamber has been used but once, in a triel run of the

infrared spectrometers The effectiveness of the chamber in producing
clouds of suitable drop=size distribution zimulating natural clouds

remains to be found by calibration methods now being developed.
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Fig. 3 Modified Chopper Assembly.

)

B - S o ) U -E AP -5~ U s VPRI - e omw A VysEB. e E e



.

3
t
i

AT 8 TN A

- Tt METT RN WA § e -

PR R e

Lk KN A AT A NIRRT

L

mmm 3. w"mww"

[P

o T NP,
==
LR

i

B -

IRPERBSNAATET A

(s R i
= g NN I B ' A ey ¢ s s SR s e

R




3

N T

=7
L O
i _
m_w.r\ﬂuu_:_ll_
== E g
L, WvD ®oz! |
CEDDE LT B T
S S
|
| e
“ . //
|
SISSVHO
mwuunu;=:h 43ddOHD 114 Ol 378V 5|
2. WVD 404 S9N1d TONIHdWVY Q30713148
e D \\\\\
.\\n\\
e =
“ [+
M_ s o bonlbeteadnalty o u(V!
HOLIMS 3JINY MONHL
€, WVO ¥0d4 ¥3LN3ID 3704 OML
¥IINVIHE

LINO 1S31

ALINNILNOO JO WY¥OVIQ OI1LVINIHOS G

SIXV A GND

)
3d00S0TIDSC
AV 3Q0HIVI

‘914
A¥3LIVE |8, ”
XNOE Z .
$8394N149 !
AZ2- QNO AZZ+ i
o
SNOLSIS3Y Mv
ONILIKIT B
ININNND %001 21— |
o—>—F5
o1—>—© _
o4—>—+o- .




*@r

S~ -
PR SR o e

HOLVWONHIONOW VIILd0 ANOD3S

‘WILSAS IVOILdO IL3TWOD 40 WYHOVIA DILYWIHOS ‘9 9|4
HOMHIW HOMYIN  SHONMIN  SHONHIW ¥3L10HS SHONYIW
WolLd I3 MONLIT  @3ANNY aNvd ¥3ddOH9 aNvd Q3ANNI
WS / |
- ————— 7 __ k /
| ] T T I | N
_ A “ “ / “\ “_....1H,.”.||.“.|I..|ll..n_,.. ;
| __ . 1/
| == ——» Il /! | .
— _ = 1 N T 7 Tt

_ — | b | 1 u3EWWHD |
: ] | | isaLanoio | |
— Y4 — \ om == W
LI— . N _d ] |

: b 4

\\ ) 118
/7 31dNOSOWYIHL JONVYLNI
HOuIN 118
08V YYd "
RS x08 X08

IVIILHO 1S¥id

SHOHYHIW

e

T




wmmﬂmﬁ s i S Emi

Rt uanta e e
(V)

B 7
M3TA 3QIS . H¥3N0D ;
¥upni 0}
1302 Buijloq _
u D m %l 10j S9j0H 8 .,
- siel 40 g
A 8 = ypm Bugng ‘
I i
[ “ ,
_ !
| f——oo—— —— - |
I! |
i |
i P “
m g i 1
*uoJ) peziuoapb abnog 9“\&
.02 e w0 =S » J3A0D JNOyLIm h
M3IA dCl1 M3IA ON3 LNOY4
Buigny sso.g ;
/™ oA m
i “ “ ) [
B 8 |
- ! |
4 Al . \M;!/ “" 11
a 1 P N H %
" 1 | g O = Y 3
o, |ﬁ_.m_l._ku| ; .ﬁ____ L G- = - <
. . \ ! / ! I )
o N B I I .
Vi .m/....r..nl\\ "“_ | _. =
; 5B 1
sdwoq . “ | _
’ L] u
| f— .

i




	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021

